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Abstract
Caspase-8 is an aspartate-specific cysteine protease, which is best known for its apoptotic functions. Caspase-8 is placed at central
nodes of multiple signal pathways, regulating not only the cell cycle but also the invasive and metastatic cell behavior, the
immune cell homeostasis and cytokine production, which are the two major components of the tumor microenvironment (TME).
Ovarian cancer often has dysregulated caspase-8 expression, leading to imbalance between its apoptotic and non-apoptotic
functions within the tumor and the surrounding milieu. The downregulation of caspase-8 in ovarian cancer seems to be linked
to high aggressiveness with chronic inflammation, immunoediting, and immune resistance. Caspase-8 plays therefore an essen-
tial role not only in the primary tumor cells but also in the TME by regulating the immune response, B and T lymphocyte
activation, and macrophage differentiation and polarization. The switch betweenM1 andM2macrophages is possibly associated
with changes in the caspase-8 expression. In this review, we are discussing the non-apoptotic functions of caspase-8, highlighting
this protein as a modulator of the immune response and the cytokine composition in the TME. Considering the low survival rate
among ovarian cancer patients, it is urgently necessary to develop new therapeutic strategies to optimize the response to the
standard treatment. The TME is highly heterogenous and provides a variety of opportunities for new drug targets. Given the
variety of roles of caspase-8 in the TME, we should focus on this protein in the development of new therapeutic strategies against
the TME of ovarian cancer.
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1 Ovarian cancer

Ovarian cancer is the fifth most common cause of death
among female cancer patients and the most lethal malignancy
of the female reproductive tract [1]. The poor disease outcome
is primarily due to the lack of appropriate methods for early
detection, increasing chemoresistance and limited surgical
debulking [2]. More than 75% of the patients are already at
an advanced stage of the disease at the time of diagnosis.
Despite the surgical removal of the tumor and aggressive

chemotherapy, most patients experience recurrence within
the next 16 to 22 months. As a result, ovarian cancer has a
5-year survival rate of only 46% [3].

Histologically, ovarian cancer is divided into four sub-
groups: serous, endometroid, mucinous, and clear cell [4].
Serous ovarian carcinomas (SOC) are the most common epi-
thelial carcinomas. SOC are subdivided into high grade
(HGSOC) and low grade (LGSOC). Eighty-five to ninety per-
cent of all SOC has been classified as high grade. HGSOC is
associated with very high mortality and occurs mainly in el-
derly patients. The pathogenicity of the disease is also influ-
enced by epigenetic and genetic alterations, represented by
10–15% BRCA mutations and 60–80% mutations or loss of
TP53. LGSOC are less common, representing 2% of all ovar-
ian carcinomas. They affect women at a young median age
and have a 10-year survival rate of about 50%. Younger pa-
tients usually develop endometroid carcinoma or clear cell
carcinoma, which are associated with endometriosis. Clear
cell carcinoma is very rare, but it has the worst prognosis of
all ovarian carcinomas with high resistance to platinum-based
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therapy. In contrast, endometroid carcinoma is associated with
better disease outcome [4, 5].

Only 2–3% of the ovarian carcinomas are identified as
mucinous carcinomas. Seventy-five percent of the cases show
KRAS mutations and 20% HER2 amplifications. Usually,
mucinous carcinomas can be diagnosed at an early stage and
have a very good prognosis after surgical removal. [4, 5].

Tothill et al. had clustered HGSOC, LGSOC, and
endometroid carcinoma into six molecular subtypes (C1–C6)
using gene expression profiling [6]. High-grade tumors are
clustered mainly in C1, C2, C4, and C5, while C3 and C6
are likely to be low grade. The C1 subtype has the worst
prognosis and shows enhanced expression of stromal genes,
desmoplasia (growth of fibrotic tissue), and metastases. C2 is
the cluster with the highest immune signature, associated with
high T cell activation and infiltration. The C3 subtype is char-
acterized by low malignant potential (LMP). These tumors
show enhanced expressions and mutations of the mitogen-
activated protein kinase pathway genes KRAS and BRAF.
C4 has a differentiated signature. Similar to C2, C4 also has
high infiltration of immune cells. Upregulation of genes
expressed in the mesenchymal development has been ob-
served in the C5 subtype, which is also associated with bad
disease outcome. Tumors from the C6 subtype are character-
ized as low-grade endometroid with overexpression of tran-
scriptional targets of the beta-catenin/LEF/TCF complex [6].
The immunological C2 and differentiated C4 subtypes, char-
acterized by their high infiltration of immune cells and better
prognosis, also have the highest expression of cytoplasmic
caspase-8 and NF-κB [7]. The co-expression of caspase-8
and NF-κB in these tumors suggests an important functional
interplay between both proteins, leading to an active immune
response and best overall survival (OS). In contrast, the mes-
enchymal subtype C5, which has a bad OS, is associated with
the lowest expression of both caspase-8 and NF-κB [7].
Obviously, ovarian cancer is a highly heterogeneous disease
and their precise classification into subgroups is important for
the development of suitable therapies for each subtype.

The standard therapy includes surgical debulking, followed
by chemotherapy or rarely radiation. Themost frequently used
anti-cancer drugs are platinum compounds, inducing DNA
damage; taxanes, targeting the microtubule polymerization;
doxorubicin, which inhibits topoisomerase II; and
gemcitabine, a nucleoside analog, which induces irreparable
errors after incorporation into the DNA [3]. Advanced treat-
ments are currently based mainly on targeted therapies, which
include compounds against a specific marker, involved in on-
cogenic mechanisms or chemoresistance, e.g., olaparib, a
PARP inhibitor, which prevents DNA repair, or bevacizumab,
a monoclonal antibody against VEGF-A with antiangiogenic
effects [8]. Immunotherapies, boosting the immune system,
are still less effective in the treatment of ovarian cancer, and
there is not yet any immunotherapy for ovarian cancer

approved by the FDA. The response to hormone therapies
has been shown to be moderate. They can be mainly used in
endometrial cancers, expressing the estrogen receptor [3].

Overall, the current therapies are not sufficient to overcome
advanced ovarian cancer and most of the patients experience
disease recurrence (25% of early-stage and 80% of advanced-
stage patients), chemoresistance (90% of the patients in ad-
vanced stage), or high toxicity. It is therefore highly necessary
to search for new therapeutic strategies to improve the overall
survival of the patients. One of these is to target the compo-
nents of the tumor microenvironment (TME) [3, 8]. In the last
few years, the TME has been recognized to be a crucial factor
in tumor development, progression, and even response to anti-
cancer therapy. A better understanding of the complex inter-
play between the tumor and the TME could elicit new thera-
pies and diagnostic markers, enabling the early estimation of
risk from cancer or therapy resistance.

Furthermore, the microenvironment in ovarian cancer has
been shown to alter the protein expression and cell signaling
in the tumor cells, supporting their invasiveness and suppress-
ing apoptosis and immune response [9]. One of the main pro-
teins, involved in cell cycle, apoptosis, invasive andmetastatic
behaviors, immune cell homeostasis, and cytokine production
is caspase-8 [10]. Gynecological cancers such as breast and
ovarian cancers seem to be more aggressive when caspase-8 is
downregulated [7, 11]. Dysregulated caspase-8 expression
causes an imbalance between the apoptotic and non-
apoptotic functions not only in the primary tumor but also in
the TME. Caspase-8 may therefore be the link in the crosstalk
between the tumor and the TME.

2 Apoptotic and non-apoptotic functions
of caspase-8

Caspases are aspartate-specific cysteine proteases with essen-
tial roles in apoptosis (caspase-2, -3, -6, -7, -8, -9, -10) and
immune response (caspase-1, -4, -5, -8, -12) (Fig. 1) [12]. The
apoptotic caspases are classified into two major groups: initi-
ator and effector/executor caspases. Initiator caspases (cas-
pase-2, -8, -9, -10) get activated by their recruitment to
multiprotein complexes upon death-inducing or inflammatory
signals or DNA damage response. The activation of the effec-
tor caspases (caspase-3, -6, -7) requires their proteolytic cleav-
age by mature initiator caspases, leading to the subsequent
cleavage of downstream pro-apoptotic molecules [13].
Caspase-8 plays a crucial role in the extrinsic apoptotic path-
way after external stimulation of the death receptors, leading
to rapid cell death. There are two apoptosis-associated iso-
forms of caspase-8: pro-caspase-8a and pro-caspase-8b.
Both of them are composed of a prodomain, consisting of
two death effector domains (DED1 and DED2) and catalytic
domain, built by the subunits p18 and p10 and a linker
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between them. Pro-caspase-8a differs from pro-caspase-8b by
a longer linker between the prodomain and catalytic domain
(Fig. 1a) [14]. The activation of pro-caspase-8a/b occurs after
the formation of the death-inducing signaling complex

(DISC). The first cleavage generates two subunits: p43/41,
consisting of DED1, DED2, and p18, and the p12, containing
p10 and the linker. The second cleavage step forms p26/24,
p18, and p10. Finally, p18 and p10 assemble to form a
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Fig. 1 a Structure of pro-caspase-8 and cleavage to active caspase-8. b
Extrinsic and intrinsic apoptotic pathways: the extrinsic signal pathway
starts with the stimulation of a member of the TNF-receptor superfamily,
e.g., Fas receptor (CD95/APO-1), TRAIL-R1 and R2 (DR4 and DR5),
DR3 or DR6, and the assembly of the death-inducing signaling complex
(DISC). Two isoforms of pro-caspase-8 (pro-caspase-8a and -8b) are
involved in the formation of the DISC. After their proteolytic
processing, the mature caspase-8 dissociates from the DISC and

translocates to the cytosol, where it initiates apoptosis by targeting
substrates such as Bid (B cell lymphoma 2 (BCL-2) homology domain
3 (BH3) only protein) or effector caspases [17, 18]. The cleavage of Bid
by caspase-8 amplifies the apoptotic signal by activating the intrinsic
apoptotic pathway. Cleaved Bid migrates from the cytosol to the outer
mitochondrial membrane and interacts with Bax and Bak. This complex
allows release of cytochrome c and the activation of Apaf1/caspase 9
apoptosome [19]
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heterodimer: p182-p102 [14]. The programmed cell death, me-
diated by caspase-8, is regulated by several mechanisms [15].
The extrinsic apoptotic pathway can be blocked after activa-
tion of caspase-8 by X-linked inhibitor of apoptosis protein
(XIAP). It cleaves the effector caspases-3 and -7 downstream
of caspase-8. Further regulators of apoptosis are the FLICE-
like inhibitory protein (cFLIP) family. cFLIP long (cFLIPL) is
a pro-caspase-8-like protein without catalytic activity, which
is also part of the DISC and plays a dual role in this signal
pathway. Low levels of cFLIPL enhance apoptosis, whereas
high levels inhibit caspase-8. In contrast, cFLIP short
(cFLIPS) blocks the recruitment of caspase-8 to the DISC
and prevents the oligomerization of p18 and p10 [14, 15].

Cells in which caspase-8 alone is sufficient to activate pro-
caspase-3 in response to apoptotic stimuli are classified as
type I cells. In type II cells, caspase-8 requires the additional
activation of the intrinsic apoptotic pathway to induce cell
death. In this case, caspase-8 enables a crosstalk between the
extrinsic and intrinsic apoptotic pathways by cleaving BID to
truncated BID (tBID) which in turn activates the intrinsic ap-
optotic pathway and amplifies the death-inducing signal (Fig.
1b) [16].

Besides its classical apoptosis-inducing function, caspase-8
has also many non-apoptotic and non-enzymatic functions in
autophagy, anoikis, pyroptosis, inhibition of necroptosis, in-
vasion, metastases, embryonic development, NFκB activa-
tion, immune cell homeostasis, inflammatory response, and
cytokine release [10, 14]. The fact that depending on the can-
cer type, caspase-8 is upregulated, downregulated, unaffected
or post-translationally altered, suggests that its pro- and non-
apoptotic functions are decided in a tumor entity-specific
manner. In normal ovaries, caspase-8 activation has been ob-
served during the late luteal phase [20]. During this phase,
prostaglandin F2-alpha (PGF2-alphaα) acts on the corpus
luteum, inducing the reduction of progesterone levels and
luteolysis (structural and functional degradation of the corpus
luteum). At the 18-h time-point after the PGF2-alpha stimula-
tion, there is an increase in the expressions of Fas receptors on
the corpus luteum and FasL, as well as the activation of cas-
pase-8. Up to 18 weeks post conception, caspase-8 has been
found to be upregulated in the ovaries (www.ebi.ac.uk /gxa/
home). During this period, apoptosis occurs in a highly
specific manner to guarantee the normal development of the
fetus [21].

The highest number of genetic alterations of caspase-8 has
been registered in head and neck, uterine, cervical, and gastric
cancers (www.cbioportal.org) involving somatic, frameshift,
and missense mutations [22–24]. The loss of caspase-8 ex-
pression occurs very frequently in neuroendocrine cancers
such as neuroblastoma, medulloblastoma, and glioblastoma
[25]. In ovarian cancer, the genetic modifications of caspase-
8 are estimated at 2.4%. The majority of them are amplifica-
tions of the CASP8 gene (www.cbioportal.org). Braga et al.

evaluated the expression levels and epigenetic alterations of
caspase-8 in normal ovarian tissues, ovarian serous
cystadenoma tumors, and epithelial ovarian cancer [26]. The
study found 25 times higher expression levels of caspase-8 in
metastatic cancers (50.8) as compared to ovarian serous
cystadenoma (2.0) and primary EOC (2.16). The CpG island
methylation in the caspase-8 promoter was found in 11.8% of
normal tissues and 20% of cystadenoma. All of the primary
EOCs were unmethylated. When comparing primary and met-
astatic EOCs, hemimethylation was detected in 20% of the
metastatic EOCs. The significant differences in the expression
and methylation of caspase-8 in the metastatic EOCs as com-
pared to the primary tumor and normal tissue could be asso-
ciated with its non-apoptotic functions leading to apoptosis
resistance, dysregulated proliferation, and enhanced activation
of NF-κB, PKB/Akt, and MAPKs. However, the promotor
DNA methylation was not associated with the expression
levels of caspase-8, suggesting additional mechanisms, regu-
lating the gene expression [26]. Furthermore, RNA-seq anal-
ysis had confirmed the upregulated caspase-8 in ovarian ade-
nocarcinoma, when compared to normal ovaries (www.ebi.ac.
uk/gxa/home). However, the expression of caspase-8 in the
ovaries has been found to be lower in recurrent tumors, as
compared to primary tumors (www.ebi.ac.uk/gxa/home).

The investigation of genetic and epigenetic alterations of
caspase-8 in cancers provides better understanding of their
impact on the therapy response. Cancers with low caspase-8
expression or mutations, which block its pro-apoptotic activ-
ity, may not respond to the standard treatments, which usually
rely on apoptosis induction [27]. Such cancers could be
targeted through necroptosis, because the absence of
caspase-8 or its enzymatic activity prevents the cleavage of
RIPK1 and stabilizes the necrosome [14, 27]. It is still unclear
how exactly caspase-8 is involved in chemoresistance in
ovarian cancer. A xenograft ovarian cancer mouse model
demonstrated that the autophagy inhibitor, chloroquine, pro-
moted the accumulation of p62 and increased caspase-8
levels, which improved the response to cisplatin and en-
hanced apoptosis [28]. The same group showed decreased
caspase-8 activation and platin resistance in p62-mutant ovar-
ian cancer cells. Caspase-8 and p62 have been therefore pro-
posed as prognostic biomarkers and oncotargets for individ-
ualized therapies [28]. Moreover, two research groups had
independently described the essential role of caspase-8 in
the first-line therapy of ovarian cancer. The cell line CP70
was fivefold resistant to cisplatin, as compared to A2780.
CP70 harbored reduced caspase-8 protein level. The combi-
nation of cisplatin with rhTRAIL significantly increased ap-
optosis as compared to cisplatin or rhTRAIL monotherapy
[29]. The same effect has been demonstrated in the SKOV-
3 and TOV-21G cell lines by Braga et al. [30]. Caspase-8
seems to be a good prediction marker for therapy response,
which can be used to predict chemoresistance.
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Drug-induced caspase-8 expression could be an attractive
therapeutic opportunity in tumors in which the downregula-
tion of caspase-8 leads to tumor progression, immunoescape,
and increased secretion of immunosuppressive and tumor-
supportive proteins into the TME. The restoration of the ex-
pression of caspase-8 has been shown in breast cancer, neu-
roblastoma, and medulloblastoma using decitabine and
azacytidine, nucleoside analogs, which promotes the demeth-
ylation of caspase-8 promotor [31]. Furthermore, azacytidine
has been found to reduce the immunosuppressive TME in an
ovarian cancer mouse model. Through type I INF signaling,
azacytidine provokes the recruitment of anti-tumoricidal im-
mune cells and enhances the efficacy of immune checkpoint
inhibitors [32]. The expression of caspase-8 could also be
upregulated by INF-γ, a type II INF, acting on interferon-
sensitive response elements, located within the caspase-8
promotor and mediating its transcriptional activity [31]. In
addition, INF-γ favors the development of the anti-
tumorigenic M1 macrophages and cytotoxic T cells. Further
opportunities to induce the expression of caspase-8 include
retinoic acid through upregulation of phospho-CREB [31].
Proteosomal inhibitors, such as bortezomib and NPI-0052,
can also elevate the total cellular levels of caspase-8 through
blocking its degradation [25].

In many tumors with poor prognosis, such as hepatocel-
lular carcinoma [33], cervical cancer [34], and melanoma
[35], caspase-8 was found in high levels within the nucle-
us. Müller et al. had investigated the nuclear expression of
caspase-8 in melanoma cells and identified a hitherto un-
r e p o r t e d n u c l e a r l o c a l i z a t i o n s i g n a l ( NLS )
(21SLKFLSLDY29) and nuclear export signal (NES)
(468FTLRKKLVF476), at the N- and C-terminus of cas-
pase-8, respectively, which enable its shuttling between
the nucleus and cytosol. Only after processing of pro-
caspase-8 into its active form and the removal of the
NES-containing N-terminus, caspase-8 remains in the nu-
cleus, proving that the nuclear localization of caspase-8 is
possible [35].

The presence or absence of caspase-8 determines the inva-
sive and migration behavior of the cancer cells. In breast and
ovarian cancers, the downregulation of caspase-8 seems to be
associated with bad prognosis and therapy resistance [7, 11].

3 The tumor microenvironment

The TME consists of circulating cancer cells, non-cancerous
cells (e.g., fibroblasts, macrophages, lymphocytes, and adipo-
cytes), a variety of soluble factors (cytokines, chemokines,
growth factors), extracellular matrix (ECM), blood, and lym-
phoid vessels. During tumor progression, the TME is con-
stantly modulated in order to support tumor growth, angiogen-
esis, metastases, immune escape, and inflammation. The TME

is highly heterogeneous and dynamic, not only during the
different cancer stages but also at different locations: within
the tumor (locally), around the tumor (regional), and in other
organs (distant, metastatic). A complex crosstalk between the
primary tumor and cells in other organs facilitates a favorable
microenvironment for circulating cancer cells, leading to their
extravasation and colonization. Such interactions have been
postulated between breast cancer cells and bone cells [36] or
between ovarian cancer cells and omental adipocytes [37],
favoring these tissues as preferred locations for metastasizing
cells. The altered cytokine production in tumor-associated
stromal cells in breast cancer is also associated with epigenetic
changes, leading to a role of the primary tumor as a modulator
of the gene expression in neighboring cells [38, 39]. The im-
mune response undergoes modifications as well, e.g., the co-
culture between cancer cells and immune cells was shown to
induce a switch into an immunosuppressive or tumor-
supportive phenotype [40, 41].

The TME is, however, not only created and modulated by
the tumor, it transforms from a passive participant in tumori-
genesis to an active player in tumor progression [39]. Even
after removing the primary tumor, the TME is able to activate
the accumulating dormant cancer cells, cancer cells in a qui-
escent state, leading to metastases years or decades later. The
TME is therefore suggested to be a crucial factor in the switch
between dormancy and metastatic growth [42].

In ovarian cancer, ascites, a buildup of fluid in the abdo-
men, represents the major TME, providing favorable condi-
tions for tumor growth, metastases, chemoresistance, inhibi-
tion of the immune response, and shorter overall survival. The
development of malignant ascites is one of the most signifi-
cant hallmarks of the disease. It is present in more than one
third of the newly diagnosed patients and in almost all cases of
recurrence [43].

Ovarian cancer cells detach from the primary tumor as
single cells or cell aggregates, called spheroids. Before
leaving the primary tumor site, they often undergo
epithelial-to-mesenchymal transition (EMT), which eases
the metastasizing process. Unlike most of the tumors,
which spread in the body through the vasculature, ovarian
cancer cells disseminate within the peritoneal cavity
through a passive mechanism, carried by the physiological
movement of the peritoneal fluid. Upon arriving at the me-
tastasizing sites, preferentially the omentum and the perito-
neum, the tumor cells revert to an epithelial phenotype and
colonize. The intra-abdominal spread of the cancer cells
increases the production of the peritoneal fluid due to the
leakiness of the tumor vascularity, obstruction of the lym-
phatic vessels, and secretions of the tumor, resident stromal
and immune cells [43, 44].

The TME, therefore, provides many different compo-
nents, which can possibly be targeted by the different ther-
apeutic strategies. Current clinical trials are testing the
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efficacy and toxicity of the treatments against the different
targets within the TME such as pro-angiogenic factors; cy-
tokines and chemokines and their receptors; and inhibitory
receptors on cancer cells, which prevent the immune re-
sponse. Immunotherapies, including CD4+ lymphocytes,
NK cells, and autologous monocytes, are also of current
interest to modulate the immunosuppressive TME in ovar-
ian cancer (Table 1) [2, 8, 45].

4 Tumor-associated macrophages

More than 50% of the cells in the peritoneal TME in ovarian
cancer are comprised of tumor-associated macrophages
(TAM) [46], promoting cancer-related inflammation, tumor
growth, and immunosuppression. Targeting the TAMs,
therefore, provides an attractive opportunity to modulate
the TME. TAMs originate from two main sources: (1) the
bone marrow, producing circulating monocytes, and (2) the
embryonic yolk sac, producing tissue-resident macro-
phages. Under normal conditions, circulating monocytes

in the bloodstream are recruited by different cytokines and
chemokines to the inflammation site, where they differen-
tiate into macrophages and accomplish their functions like
antigen presentation, phagocytosis, activation, and recruit-
ment of additional immune cells. Tissue-resident macro-
phages are localized within tissues with high proclivity to-
ward invasion and accumulation of foreign material such as
bacterial and viral particles (e.g., liver, lymph nodes, and
lung). They have a long half-life, ranging from several
months to years and regulate the tissue-specific immune
response [46, 47].

Monocytes are modulated by the tumor in response to sol-
uble factors in the surrounding milieu. Two major phenotypic
groups of differentiated macrophages are likely to be found in
the TME: anti-tumorigenic M1 or pro-tumorigenic M2 mac-
rophages. In general, IFNγ and IL-12 induce the polarization
of macrophages into theM1 phenotype, while IL-4, IL-10, IL-
6, and CCL2 stimulate the M2 phenotype. Macrophages are
phenotypically heterogeneous and plastic, meaning that M1
macrophages can switch to M2 and vice versa. The distinction
between M1 and M2 is drawn between the expression of

Table 1 Clinical trials. The table represents some examples for antibodies and immunotherapies, tested in ovarian cancer patients to target specifically
the TME

Drug name Mechanism of action Trials

Bevacizumab Monoclonal antibody against vascular
endothelial growth factor (VEGF)

Phase 2: in recurrent ovarian cancer patients (NCT01305213)

Siltuximab Antibody against IL-6 Phase 1/2: in patients with solid tumors, including ovarian
cancer (NCT00841191)

Tocilizumab Antibody against IL-6 receptor Phase 1: combination with chemotherapy in recurrent epithelial
ovarian cancer (NCT01637532)

Nivolumab Anti-PD-1 antibody Phase 1: combination with WT1 vaccine in recurrent ovarian
cancer (NCT02737787)

Nivolomab and Ipilimab Anti-PD-1 antibody and
CTLA-4 antibody

Phase 2: combination of immune check point inhibitors in ovarian
cancer, breast cancer and gastric cancer (NCT03342417)

Pembrolizumab Anti-PD-1 antibody Phase 2: Pembrolizumab following weekly Paclitaxel treatment for
Platinum-resistant ovarian, fallopian tube or peritoneal
cancer (NCT03430700)

Pembrolizumab with
Gemcitabin and Cisplatin

Anti-PD-1 antibody Phase 2: in recurrent Platinum-resistant ovarian
cancer (NCT02608684)

NK immunotherapy Natural Killer (NK) cells Phase1/2: combination with cryotherapy in recurrent
ovarian cancer (NCT02849353)

V3-OVA vaccine Immunotherapy with a vaccine
containing ovarian cancer antigens

Phase 2: in ovarian cancer patients (NCT03556566)

Autologous monocytes Immunotherapy Phase 1: combination with Sylatron(R) (Peginterferon alfa-2b)
and Actimmune(R) (Interferon gamma-1b) in ovarian
cancer (NCT02948426)

Plerixafor Immunostimulant to mobilize
hematopoietic stem cells

Phase 1: in high-grade serous ovarian, advanced pancreatic
and colorectal adenocarcinomas (NCT03277209)

Rintatolimod with pembrolizumab
and cisplatin

Rintatolimod: immunomodulatory
double strained RNA

Pembrolizumab: anti-PD-1 antibody

Phase 1/2: in recurrent ovarian cancer (NCT03734692)

Tremelimumab with Oplaparib Anti-CTLA-4 antibody and PARP inhibitor Phase 2: in recurrent ovarian, fallopian tube
or peritoneal cancer (NCT04034927)
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surface markers such as CD86, TLR2, TLR4, and MHC II for
M1 macrophages and CD163, CD206, and CCl18 for M2
macrophages (Table 2) [46].

Under normal conditions, M2-like macrophages are acti-
vated by Th2 lymphocytes and support wound healing and
tissue repair. However, the majority of cytokines in the TME
supports the polarization into M2 macrophages. The M2 phe-
notype is especially present in the late stages of tumorigenesis.
In ovarian cancer, M2 macrophages play a significant role for
the progression of the disease, supporting tumor growth, me-
tastases, angiogenesis, immunosuppression, and tissue remod-
eling. The presence of a high number M1 macrophages in
ovarian cancer is associated with better prognosis, because
of the increased recruitment of the cytotoxic T cells [46].

NFκB is a central regulator for the response of macro-
phages to signals from the TME and the transcription of
pro- and anti-inflammatory genes. The differentiation of
monocytes into macrophages and the polarization into dif-
ferent phenotypes occur in an NFκB-dependent manner.
While the M1 macrophages express the NFκB heterodimer
p65/p50, the M2-macrophages are associated with the over-
expression of its p50 subunit, resulting in a p50/p50 homo-
dimer. This homodimer prevents the transcription of pro-
inflammatory genes [48, 49]. It has also been shown that the
inhibition of the NFκB activator, IKKβ re-educates the M2
macrophages back to the M1 phenotype [9]. Interestingly,
the long-term systemic treatment with the NFκB inhibitor
thymoquinone in vivo, in ovarian cancer, expectedly causes
the decreased growth of the primary tumor. However, these
patients show a paradoxical increase of the ascitic fluid in
the peritoneum, elevated infiltration of the M2 macro-
phages with strong NFκB activation and high concentra-
tions of VEGF, IL-10, and CCL2. In contrast, the prolonged
in v i t ro t r ea tment o f ovar ian cancer ce l l s wi th
thymoquinone did not result in NFκB activation, suggest-
ing that there are specific factors within the TME which
support the activation of NFκB in TAMs, in vivo [50].

5 The role of caspase-8 in macrophage
differentiation

Caspase-8 has been shown to regulate the differentiation of
macrophages. The significant role of caspase-8 in myeloid
cells has also been observed in murine caspase-8-deficient
bone marrow (BM) cells [51, 52]. After stimulation with the
macrophage colony stimulating factor (M-CSF), the caspase-
8-deficient BM cells were unable to differentiate into macro-
phages and instead underwent apoptosis. In contrast, in the
presence of the granulocyte colony stimulating factor (G-
CSF) or granulocyte macrophage colony stimulating factor
(GM-CSF), they successfully differentiated into granulocytes
and dendritic cells, respectively [51]. The treatment of human
monocytes from the peripheral blood of healthy donors with
M-CSF causes the oscillatory activation of the PI3K/Akt path-
way, which provokes the assembly of a molecular platform
including FADD, cFLIPL, RIPK1, and pro-caspase-8, without
any interaction with the death receptors. As a result, caspase-8
is activated and cleaves RIPK1, which in turn downregulates
NFκB activation, leading to the differentiation of monocytes
to macrophages. In contrast, G-CSF and GM-CSF do not in-
duce caspase-8 activation. These results suggest that caspase-
8 activation is required for the differentiation of macrophages
and prevention of the sustained activation of NFκB during the
process. In contrast to the transient NFκB activation during
macrophage differentiation, dendritic cell differentiation in-
volves sustained NFκB activity and requires no caspase-8
cleavage [52, 53]. However, the exact molecular mechanism
of caspase-8 activation in monocytes, undergoing differentia-
tion to macrophages, remains unclear (Fig. 2).

The polarization of macrophages can be manipulated with
both reversible and irreversible caspase-8 inhibitors (IETD-
CHO and ZIEDT-FMK respectively), causing increased au-
tophagy and M2 polarization, mimicking the effects of two of
the most prominent cytokines in the TME: CCL2 and IL-6
[54]. Both molecules intensify the expression of each other

Table 2 Main characteristics of
M1 and M2 macrophages. The
table summarizes the main
properties of M1 and M2
macrophages, their inducers,
surface markers, and produced
cytokines and chemokines.

Characteristics M1 macrophages M2 macrophages

Normal conditions Inflammation Wound healing

Tumor relation Anti-tumorigenic,

recruitment of cytotoxic T cells

Pro-tumorigenic,

tissue remodeling, immunosuppression,
angiogenesis, chronic inflammation

Disease prognosis good bad

Inducers TH1 lymphocytes

LPS, IFN-γ, IL-12, GM-CSF

TH2 lymphocytes

IL-4, IL-6, IL-10, IL-13, CCL2, CXCL4,
TGF-β, M-CSF

Markers CD80, CD86, TLR2, TLR4,

MHC II (antigen presentation)

CD206, CD163

NFκB p65/p50 p50/p50

produced cytokines/chemokine IL12, IL23 IL10
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and promote the upregulation of cFLIPL as well as the hyper-
activation of autophagy as a cell protective mechanism. The
stimulated monocytes show a significant increase of the man-
nose receptor CD206, a surface marker for the M2-like cells.
IL-6 additionally favors the differentiation of monocytes to
macrophages rather than to dendritic cells, thereby regulating
antigen presentation [55]. The effect of the caspase-8 inhibi-
tors could be reversed by the subsequent treatment with au-
tophagy inhibitors such as leupeptin, indicating a role of
caspase-8 and autophagy in macrophage polarization [54].
Cuda et al. had demonstrated in a mouse model that
caspase-8 controls the polarization of macrophages, because
its absence in the myeloid cells prevented the normal polari-
zation into M1 phenotype [56]. Caspase-8 is, therefore, re-
quired not only for the elimination of old or defective blood
cells but also for determining the fate of monocytes undergo-
ing differentiation and polarization (Fig. 3).

Recently, TAMs were selectively targeted by the anti-
cancer drugs trabectedin (Yondelis®) and lurbinectedin
(Zepsyre®), respectively, inducing caspase-8-mediated apo-
ptosis [57]. These drugs affect both (1) the primary tumor
growth by binding to DNA, inducing double strand breaks,
preventing DNA repair, and inhibiting the active transcription
through structural changes of DNA and degradation of RNA
polymerase II through the ubiquitin-proteasome pathway [58],
and (2) the TME via modulation of the cytokine expression in
the cancer cells through regulation of their transcription and

depletion of TAMs by inducing overexpression of TRAIL
receptors, their recruitment in lipid rafts, ligand-independent
activation, and subsequent caspase-8-mediated apoptosis.
Normal tissue macrophages, B, T, and NK cells remain unaf-
fected, because they are expressing mainly decoy TRAIL re-
ceptors [57, 59]. Trabectedin and lurbinectedin also reduce the
production of growth factors, angiogenic and pro-
inflammatory mediators such as CCL2, IL-6, CXCL8, MIF,
and IL-6 in cancer cells, monocytes, and TAMs [60, 61]. The
expression of CCL2 is associated with the presence of
caspase-8 in the FADDosome after TRAIL-receptor activa-
tion [62]. Caspase-8 seems to regulate angiogenesis also via
the IL-1β-mediated pathway [63], which will be discussed
more in detail in the next section. Thus, the downregulation
of cytokine expression and angiogenesis by trabectedin and
lurbinectedin could be based on a direct or indirect regulation
of caspase-8, which highlights a possible therapeutic role of
caspase-8 in the modulation of TME.

Trabectedin was approved for the second-line treatment of
soft tissue sarcoma and relapsed, platinum-sensitive ovarian
cancer in combination with pegylated liposomal doxorubicin
(European Medical Agency EMA, 2007; Food and Drug
Agency FDA, 2015). Lurbinectedin was approved for the
treatment of soft tissue sarcoma (FDA, 2018). Recently,
lurbinectedin was tested in platinum-resistant ovarian cancer
against standard therapy pegylated liposomal doxorubicin and
topotecan (NCT02421588). The drug missed the primary
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RIP1

Pro-Caspase-8
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NFkB

Caspase-8

Caspase-3 Caspase targets (e.g. NPM-1)
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Fig. 2 The role of caspase-8 in macrophagic differentiation. The
interaction of M-CSF with its receptor provokes the PI3K/Akt pathway
in the monocytes, which within 3–4 days induces the assembly of a
molecular platform that includes FADD, FLIP, RIP1, and pro-caspase-
8. As a consequence, the cleaved RIP1 prevents the sustained NFκB
activation in the nucleus. The activated caspase-8 and -3 target

downstream proteins such as nucleophosmin (NPM-1), which also
regulates the transcriptional activity of NFκB. NPM-1 is a
multifunctional protein, and its caspase-mediated cleavage is required
for the differentiation of monocytes into macrophages after M-CSF
stimulation [52, 53]
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endpoint, 30% progression-free survival (PFS), and although
lurbinectedin had no PFS benefit over the standard therapy,
the efficacy and safety profiles of the treatments were similar,
suggesting a promising role of the molecule in future therapies
[64].

In summary, caspase-8 regulates the macrophage differen-
tiation and polarization as well as the release of cytokines by
tumors and immune cells. Thus, it is possible that caspase-8
could shift the balance between (i) circulating monocytes and
differentiated tumor-associated macrophages, (ii) M1 and M2
macrophages, and (iii) anti- and pro-tumorigenic cytokine
microenvironment.

6 The role of caspase-8 in B and T cells

Caspase-8 is as an essential regulator of B and T lymphocytes.
The generation of a mouse model with caspase-8 deletion
specifically in the T cell lineage enabled Salmena et al. to
evaluate the role of caspase-8 in adaptive immunity [65].
The normal development of thymocytes was not impaired
by the absence of caspase-8, but the number of peripheral T
cells was decreased significantly. The ablation of caspase-8 in
this mouse model disrupted the T cell-mediated immunity and
caused immunodeficiency. Murine casp8−/− T cells produced
low levels of IL-2, which is essential for their proliferation and
activation, and were unable to respond to exocrine IL-2 stim-
ulation. In humans, T cells with caspase-8 mutations are
completely unable to produce IL-2 [65]. In contrast, caspase-

8 is not required for B cell proliferation, but it is acutely nec-
essary for B cell activation and antibody production. The ab-
sence of caspase-8 in B cells results in decreased immune
response to viral and microbial infections [66].

T cells in the TME can be classified into anti- and pro-
tumorigenic subgroups. Helper (CD4+) T cells and cytotoxic
(CD8+) have strong anti-tumoral activity. CD8+ lymphocytes
directly kill the cancer cells, while the CD4+ cells (Th1- and
Th2-lymphocytes) provoke the immune response against can-
cer cells, producing pro-inflammatory cytokines, recruiting
other immune cell and interacting with the B cells to induce
antibody production. Infiltration of the T cells into tumors is
associated with longer survival and better therapy response
[67, 68]. However, tumors manipulate the antigen presenta-
tion producing mediator molecules such as TGF-β, IL-10, IL-
6, and CCL22 and favor the switch of the T cells into regula-
tory FoxP3+ T cells (Treg). Under normal conditions Treg cells
regulate the immune tolerance, preventing the over-reactivity
of immune cells. In cancers, Treg cells suppress the immunity
against the tumor cells. However, the literature about the role
of Treg cells in cancers is inconsistent. Some researchers have
found a correlation between Treg cell infiltration and poor dis-
ease prognosis [69], while others have suggested a beneficial
role of the regulatory T lymphocytes in preventing cancer
development suppressing chronic inflammation [70, 71].
Moreover, the role of B cells in the TME is poorly understood.
The infiltration of CD19+ B cells correlates with poor prog-
nosis [72], while CD20+ B cells have been characterized as a
positive prognostic marker [73].

Monocyte
M0-Macrophage

M1-Macrophage

M2-Macrophage

Caspase-8 activation

Caspase-8 ?

DIFFERENTIATION

POLARIZATION

Fig. 3 Caspase-8 is required for the differentiation of monocytes into M0
macrophages. The polarization of macrophages into M1 and M2
phenotypes seems to involve caspase-8. However, it is still unclear

which molecular pathways implicate caspase-8 during the polarization
and whether the process leads to up- or downregulation of caspase-8
expression
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7 Adipocytes

Ovarian cancer cells metastasize to adipose tissues, prefer-
entially the omentum, a visceral adipose tissue connected to
the organs in the peritoneal cavity, where the adipocytes
provide energy sources such as fatty acids and cytokines
[74]. The omentum is also rich in macrophages. Together
with other immune cells they build aggregates in the adi-
pose tissue, called “milky spots.” These are responsible for
the immunity in the peritoneal cavity and support the tumor
progression by producing growth and angiogenetic factors
[37, 74]. Adipocytes play therefore an essential role in
ovarian cancer.

Caspase-8 inhibition is linked to a reduction of inflam-
mation and insulin resistance in adipose tissues. The
adipocyte-specific knock-out of caspase-8 in a mouse mod-
el showed decreased inflammation as well and improved
glucose homeostasis [75]. Thus, caspase-8 plays a pivotal
role in the regulation of the inflammatory processes and
insulin sensitivity in adipocytes [75–77]. The expression
of TRAIL receptors is elevated in adipose tissues and the
treatment of pre-adipocytes and mature adipocytes with
TRAIL induced increased expression of pro-inflammatory
cytokines IL-6, IL-8, and CCL2 in NFκB- and ERK1/2-
dependent manner. However, the expression of IL-8 and
CCL2 is not affected after treatment with zFAD.fmk, which
inhibits only the enzymatic activity of caspase-8. This leads
to the idea that the non-enzymatic function of caspase-8
might still play a role in the production of cytokines
through the FADDosome. IL-6 and CCL20 are only partial-
ly affected by the inhibitor. Therefore, caspase-8 does not
seem to have a fundamental role in the production of cyto-
kines by adipocytes, but it is highly required for their nor-
mal differentiation and metabolic regulation [78]. Keuper
et al. found that the caspase-8-mediated regulation of adi-
pocyte metabolism, after TRAIL stimulation, through the
cleavage and inactivation of peroxisome proliferator acti-
vated receptor gamma (PPAR-gammaγ) leads to the re-
duced expression of lipogenic genes and therefore, de-
creased lipogenesis and glucose uptake [79, 80].

As a regulator of the homeostasis of adipocytes, caspase-8
might be therefore a possible target for new cancer therapies.
Adipocytes act not only as an energy depot in cancer, but also
as a source for cytokines (also called “adipokines”), stimulat-
ing tumor cell growth, homing and metastasis. The crosstalk
between cancer cells and fat tissue induces a phenotypic
switch, forcing the adipocytes to produce matrix
metalloproteases (e.g., MMP11) and pro-inflammatory cyto-
kines such as IL-6, IL1β, and IL-8. IL-6 is mainly
overexpressed in cancer-associated adipocytes (CAA), con-
tributing to the invasive behavior of cancer cells [81].
Injection of a female athymic nude mouse with SKOV-3 cells
showed invasion into the omentum already after 20 min. Co-

culture of ovarian cancer cells with omental adipocytes in-
duced increased cytoplasmic lipid droplet formation, leading
to faster growth and proliferation [82]. In a mouse model,
breast cancer cells, pre-cultured with adipocytes, prefer to me-
tastasize to the lung instead to the breast, supporting the sug-
gestion that adipocytes affect cell behavior during metastasis
[81]. Cancer cells also induce the de-lipidation and de-
differentiation of adipocytes into pre-adipocytes, which attain
a fibroblast-like shape [81, 83]. Adipocytes interact with mac-
rophages through CCL2, leading to their polarization into an
M2 phenotype and enrichment in the tumors, in order to sup-
port a favorable TME. The interaction between macrophages
and adipocytes results in adipose tissue inflammation, fibrosis
and insulin resistance [84, 85].

8 The extracellular matrix

ECM is a complex network of macromolecules, such as col-
lagen, laminin, and proteoglycans [86]. This network regu-
lates the cell behavior under physiological as well as patho-
logical conditions. In the TME, the ECM is remodeled not
only by the tumor cells but also by M2-macrophages, contrib-
uting to cell migration and tumor growth. It has been shown
that the ECM has an impact on immune cell infiltration and
angiogenesis. The generation of a neuroblastoma mouse
models with caspase-8 deletion in the neural crest lineage,
showed increased metastases in the bone marrow, compared
to caspase-8 wild-type neuroblastoma mice [87]. Caspase-8
knockout causes the upregulation of collagen and lamin in
the ECM. These changes lead to increased stiffness and fibro-
sis in the tissue and favor the detachment of tumor cells [87].
Under normal conditions, wound healing involves fibrosis,
which is associated with the downregulation of caspase-8
[88]. This leads to the idea that the downregulation of
caspase-8 in tumors such as those of ovarian or breast may
be related to the onset of increased fibrosis and stiffness.
Fibrosis also induces the upregulation of TGFβ, which sup-
ports Treg cells, immunosuppression, and angiogenesis [67].
Integrins mediate cell adhesion to ECM. Caspase-8 interacts
with them and induces the so-called integrin mediated death
(IMD) of anoikis, a programmed cell death of detached
“homeless” cells, located in an inappropriate microenviron-
ment. The loss of caspase-8 and the failure of the elimination
of anoikis lead to cell survival and enable cell migration and
metastases [14, 89, 90].

9 The interplay between caspase-8 and NFκB

It is evident that caspase-8 performs many of its functions
through NFκB activation. Thus, the interplay between
caspase-8 and NFκB is essential for NFκB-dependent tumors
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(ovarian, breast, gastrointestinal cancer, and glioblastoma).
Especially interesting are the caspase-8 mutations such as
G325A, D210A/D216A/G325A, which are able to activate
NFκB even stronger than the wild-type protein. However,
the alterations and the deletion of the caspase-8 DED domains
cannot promote the activation of NFκB, because they are cru-
cial for this signal pathway in a still unclear way [24].

Ovarian cancer subtypes with increased expression of
caspase-8 are associated with higher infiltration of T cells,
better response to chemotherapy, and longer overall surviv-
al (OS) [7]. These subgroups also show higher NFκB ac-
tivity, indicating synergistic functions of both the mole-
cules. Ovarian cancer cells with low caspase-8 expression
are resistant to apoptosis, but when the IKKβ inhibitor IV,
which suppresses the NFκB pathway, is combined with the
SMACmimetic Birinapat, which inhibits cIAP, cancer cells
are forced toward necroptosis in a RIPK1-dependent man-
ner. Overall, this demonstrates that patients with low
caspase-8 levels could benefit from therapeutic strategies
that rely on inducing necroptosis [7]. In contrast, caspase-
8 expression increases in glioblastoma, promoting
sustained NFκB activation and the transcription of several
cytokines. The levels of IL-8, IL-6, IL1β, CCL2, and
VEGF correlate with caspase-8 expression levels, thereby
painting caspase-8 as a modulator of angiogenesis and in-
flammation in glioblastoma [91, 92].

As previously described, caspase-8 regulates the differ-
entiation of BM cells by controlling the activity of NFκB. It
has been shown that the crosstalk between caspase-8 and
NFκB occurs in other immune cells as well. Furthermore,
the stimulation of TNFR, TRAILR, TLR4, T cell receptor
(TCR), and B cell receptor (BCR) activates NFκB in a
caspase-8-dependent manner [93]. Lymphocyte activation
through antigen receptors (e.g., TCR and BCR) is related to
NFκB activation, which can be prevented after treatment
with the caspase inhibitor zVAD-fmk[94]. The inhibition
or the knockout of caspase-8 in lymphocytes prevent the
nuclear translocation of NFκB and impairs the transcription
of inflammatory genes [66, 94]. In contrast to these find-
ings, Selmena et al. found that the absence of caspase-8 in T
cells does not impair the NFκB signaling, but only affects
the proliferation, activation, and cytokine responsiveness of
the T cells [65]. The stimulation of BCR, TCR, and TLR4
failed to activate caspase-8-deficient B cells and Jurkat T
cells compared to the wild-type cells. In contrast, caspase-
8-deficient T cells could be activated through TNFR, sug-
gesting a selective role of caspase-8 in the lymphocyte ac-
tivation depending on the activated receptor. Despite the
fact, that the exact molecular pathways involving caspase-
8 after the stimulation of different receptors in immune cells
are still unclear, the literature is consistent about the essen-
tial role of caspase-8 in the activation of NFκB and the
immune response[65, 66, 93, 94].

10 The regulation of the expression
of cytokines and chemokines by caspase-8

Besides the variety of cells, the TME is also rich in cytokines,
chemokines, and growth factors. These soluble factors modu-
late the cell composition and the paracrine interactions be-
tween these cells. They are produced not only by the immune
cells but also by the tumor cells themselves. Caspase-8 has
been found to be involved in the expression of cytokines and
chemokines in different cancer cells.

TRAIL-Rs are usually associated with caspase-8-mediated
apoptosis. However, they have been found to provoke a
caspase-8-mediated production of pro-inflammatory cyto-
kines as well. The TRAIL-mediated cytokine production re-
quires the presence but not the activity of caspase-8 in the
FADDosome, which consists of FADD, caspase-8, and
RIPK1. The inhibition of the caspase-8 activity prevents apo-
ptosis, but not the FADDosome-mediated cytokine release, in
the presence of TRAIL, while the knockdown or complete
deletion of caspase-8 blocks both the events. Catalytically
inactive caspase-8 mutants (G325A, D210A/D216A/
G325A) cannot restore the apoptotic pathway, but they may
be even more effective in mediating the cytokine expression
via the increased NFκB activation [24, 62, 95]. This may
explain why some cancer types promote the expression of
mutated caspase-8 and why they even benefit from TRAIL-
R expression. Furthermore, this could also be one reason why
targeting the TRAIL-receptor fails to promote apoptosis [96].

The main resources of TRAIL-mediated cytokines are can-
cer cells, which survived TRAIL-stimulation. In vivo experi-
ments showed that FADD deficiency resulted in a reduced
tumorigenesis and decreased immune cell infiltration, indicat-
ing a supportive role of the FADDosome-mediated secretome
in tumor growth. The positive correlation between TRAIL,
CCL2, and the M2-myeloid markers CD206 and CCR2 re-
ceptors indicates a possible network, which promotes the po-
larization of monocytes into M2 macrophages and the recruit-
ment of tumor-supportive infiltrates. Elevated CCL2 levels
have been observed in tumors such as those of ovarian [97],
breast [98], and prostate [99]. High CCL2 concentrations are
also associated with impaired therapy response, enhanced re-
cruitment of TAMs, and their modeling of the surrounding
tissues. The positive correlation between the TRAIL-
mediated FADDosome and the tumor cytokine release was
also observed in different types of cancer, e.g., lung, colorec-
tal, pancreatic, hepatocellular, and head and neck cancer [62].

IL-1β is another pro-inflammatory cytokine, which produc-
tion seems to be regulated by caspase-8. IL-1β is mainly secreted
by mononuclear cells. Low levels of IL-1β promote acute in-
flammation and recruitment of cytotoxic T lymphocytes, where-
as high levels support chronic inflammation, tumor growth, an-
giogenesis, invasiveness, and metastases. It has been shown that
some cancer types such as invasive breast cancer, melanoma,
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prostate cancer, acute myeloid leukemia (AML), chronic mye-
loid leukemia (CML), and gastric tumors overexpress IL-1β.
Under physiological conditions, the cells produce no or very
low levels of IL-1β, but only during inflammation [100].

Pro-IL-1β is a precursor protein, expressed in an NFκB-
dependent manner. The canonical activation pathway of pro-
IL-1β involves caspase-1 as a converting enzyme. The pro-
cessing of the mature IL-1β depends on the inflammasome,
which consists of a NOD-like receptor NLR, the adaptor pro-
tein ASC, and caspase-1. The formation of inflammasomes is
triggered by danger-associated molecular patterns (DAMPs),
pathogen-associated molecular patterns (PAMPs), or some
anti-cancer drugs such as doxorubicin, staurosporine, 5-fluo-
rouracil, or gemcitabine. Caspase-8 mediates the non-
canonical activation of a complex, called ripoptosome [14].
This complex consists of pro-caspase-8, FADD, RIPK1,
RIPK3, and cFLIP [101]. In this case, caspase-8 directly
cleaves pro-IL-1β or interacts with the NLR3 inflammasome
and promotes the indirect activation of IL-1β [63, 102]. Moen
et al. had observed in BM-derived cells that caspase-8 pro-
motes the upregulation of pro-inflammatory factors such as
IL1β, IL6, and CXC10 through TLR3 and TLR4. The inhi-
bition of caspase-8 resulted in increased expression of anti-
inflammatory cytokines and chemokines, indicating an essen-
tial role of caspase-8 in the modulation of inflammation [103].

Due to the variety of apoptotic and non-apoptotic func-
tions, caspase-8 is a crucial factor in tumorigenesis, tumor
progression, and therapy response. On the one hand, the pres-
ence or lack of caspase-8 in the tumor is essential for the
secretion of soluble factors in the TME, which regulate the
immune system, tumor growth, angiogenesis, and metastases.
On the other hand, caspase-8 expression in the immune cells
regulates their response to the stimulating signals from the
surrounding environment.

However, the exact role of caspase-8 in the modulation of
the TME in cancers is not yet fully understood. Based on our
knowledge about the regulating functions of caspase-8 in the
cytokine secretion by cancer and non-cancer cells, immune
response, and homeostasis of immune cells, we propose, that
Caspase-8 is a possible new link in the interactions between
the tumor and their surrounding environment. The detailed
investigation of this relationship would enable better under-
standing of relevant molecular mechanisms in the TME and
even provide possible new therapeutic opportunities.

11 Conclusion

Caspase-8 has multiple roles in cancers by modulating both
the expression profile of the tumor itself and the re-
organization of the TME. Whether caspase-8 regulates the
inflammatory tumor milieu in favor of tumor promotion or
suppression, and should be further investigated. This would

provide us with more valuable information about the clinical
relevance of caspase-8 and the modified factors by caspase-8,
which could be used as new drug targets to reduce the tumor-
supportive properties of the TME and to improve the tumor
response to the classical therapies.

Gynecological tumors such as ovarian and breast cancers are
associated with increased aggressiveness and invasiveness,
when caspase-8 is downregulated or is absent [25]. Therefore,
drug-induced caspase-8 expression is a promising therapeutic
opportunity in cancers with low Caspase-8 levels. Moreover,
this could be also a method to overcome chemoresistance.
Furthermore, the multiple mechanisms, which tightly regulate
the enzymatic activity of caspase-8 and the switch between
apoptotic and non-apoptotic functions, have to be taken into
account as possible targets for new therapeutic treatments.
The functions of caspase-8 are tightly modulated by cFLIP
proteins, XIAP, and posttranslational modifications such as
phosphorylation and ubiquitination. However, the significance
of these mechanisms to regulate caspase-8 in cancers has to be
further investigated [91].

Caspase-8 has therefore a dual role in cancers bymodulating
both the expression profile in the tumor itself and the re-
organization of the TME. Whether caspase-8 regulates the in-
flammatory tumor milieu in favor of tumor promotion or sup-
pression, should be further investigated, in order to evaluate the
clinical relevance of caspase-8 as a modulator of the TME. This
would provide us more valuable information about modified
factors by Caspase-8, which could be used as new drug targets
to reduce the tumor-supportive properties of the TME and to
improve the tumor response to the classical therapies.
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